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1. Introduction

Salt marshes form the upper parts of the intertidal zone, the interface between land and sea, are strongly controlled by geomorphological, physical and biological processes, such as sedimentation in interaction with the vegetation, tidal regime and wind-wave pattern. They constitute a habitat for a wide range of organisms. On a European scale, among 1068 plant species that are bound to coastal habitats, nearly 200 are restricted to salt marshes. The highest species diversity in salt marshes is found among the invertebrate fauna; about 1500 arthropod species inhabit salt marshes of which a considerable number are restricted to this habitat (Bakker et al., 2005).

Salt marshes provide resting, breeding and feeding grounds for a number of birds. Coastal waders which feed on the intertidal flats use the salt marshes as roost during high tide. A number of migratory birds such as brent goose and barnacle goose use the salt marshes to replenish their body reserves to reach their northern breeding grounds (Bakker et al., 2005).

About one third of the salt marsh area shows the natural patterns of accretion, erosion and vegetative diversification. Entirely natural salt marshes prevail on the barrier islands and, in the Northern Wadden Sea, also behind sandy barriers of the mainland. Along most of the mainland, salt marshes are man-made, and in some cases managed for coastal protection. Both types together represent an area of 400 km² in the Wadden Sea Area with a quite diversity of distinctive salt marsh types consisting of a species-rich dynamic mosaic of vegetation patches.

There are various human activities which have or may have an impact on salt marshes, including costal defense measures, land use and management (grazing, cutting), pollution and eutrophication, hunting and tourism (Bakker et al., 2005). Nowadays, all salt marshes in the Wadden Sea are under nature protection. 

2. Objectives 

Trilateral policy and management aims “to achieve, as far as possible, a natural and sustainable ecosystem in which natural processes proceed in an undisturbed way” (Guiding Principle). 

The salt marshes include all mainland and island salt marshes, including the pioneer zone and the brackish marshes in the estuaries. The following targets apply to salt marshes (Wadden Sea Plan 2010):

· To maintain the full range of variety of salt marshes typical for the Wadden Sea landscape. 

· An increased area of salt marshes with natural dynamics. 

· An increased natural morphology and dynamics, including natural drainage of mainland salt marshes, under the condition that the present surface area is not reduced. 

· A salt marsh vegetation diversity reflecting the geomorphological conditions of the habitat with variation in vegetation structure. 

· Favourable conditions for all typical species. 

The monitoring of salt marshes (all island and mainland salt marshes including brackish marshes in the estuaries) is carried out to support trilateral policy and management. It should:

· assess changes in location and the area of salt marshes (natural and artificial),

· assess changes in the vegetation types, 

· contribute to causal analyses of changes, especially with regard to the impacts of climate changes, coastal protection measures, and agricultural utilization (e.g. grazing).

3. Monitoring requirements

Wadden Sea Plan

Targets on “Salt Marshes” 

· To maintain the full range of variety of salt marshes typical for the Wadden Sea landscape. 

· An increased area of salt marshes with natural dynamics. 

· An increased natural morphology and dynamics, including natural drainage of mainland salt marshes, under the condition that the present surface area is not reduced. 

· A salt marsh vegetation diversity reflecting the geomorphological conditions of the habitat with variation in vegetation structure. 

· Favourable conditions for all typical species.
Habitats Directive (HD)

Favorable conservation status of salt marsh habitat types (1310 Salicornia, 1320 Spartina, 1330 Atlantic salt meadows)

Article 11: Surveillance of conservation status of habitats and species

Article 17: Assessment, monitoring and reporting

Water Framework Directive (WFD)

Article 8, Annex V, Quality element: Angiosperms

OSPAR

No specific requirements for salt marsh monitoring.

4. Definitions

Salt marsh types

Salt marshes develop in close interaction of hydrodynamic processes with vegetation development and can be distinguished in relation to their geomorphologic features (Dijkema, 1987). On the islands, four types could be distinguished. Barrier-connected salt marshes develop on the lee side of the sand dune system of the barrier islands. Green beaches are salt marshes which develop on the North Sea side of the islands. In addition to the categories in the 1999 QSR, salt marshes in summer polders and in de-embanked summer polders have been included. 

On the mainland, foreland marsh (including the estuarine salt marshes), salt marshes in summer polders and de-embanked (summer) polders are the main salt marsh types. Most foreland marshes have been developed from sedimentation fields protected by brushwood groynes. As a special case, the salt marshes in St. Peter-Ording (Schleswig-Holstein) and Skallingen (Denmark) have been added as barrier-connected type, because they have developed in the shelter of a beach-barrier system comparable to the barrier islands.

Hallig salt marshes have been accreted on surviving parts of marshes flooded in the past and are highly exposed to wave energy. They represent a separate type as they resemble more the mainland foreland type. 

Table1: xxx.
	1. Barrier islands

	A. barrier-connected (incl. foreland)

	B. green beaches

	C1. summer polder

	C2. de-embanked (summer) polder

	2. Mainland

	A. barrier-connected

	B. foreland marsh 

	C1. summer polder

	C2. de-embanked summer polder

	3. Halligen


Salt marsh zones (zonation)

Three main salt marsh zones with different vegetation can be distinguished: The pioneer zone where plant growth starts at about 40 cm below mean high tide (MHT); the low marsh, inundated during mean spring tides (100-400 floods/year), and the middle/high marsh with less than 100 floods per year. In addition, the sandy green beach and the brackish marsh can be differentiated by a special type of vegetation. Adjacent to the salt marshes, fresh (anthropogenic) grassland occurs. The different zones have been defined by vegetation types (see Annex 1). 

Vegetation types

Different classification systems are applied for salt marsh vegetation in the three countries. They consist of a number of vegetation sub-types with different definition, e.g. concerning species composition, dominant or characteristic species, or in the case of biotope types, also information about land use. These detailed classification systems are necessary for regional management. For trilateral purpose these sub-types have been aggregated to a higher level, the salt marsh vegetation types (TMAP typology) (see Annex 1 and Annex 2). 

The TMAP typology also includes the connection with the habitat types of the EU Habitats Directive (habitat type 1310, 1320 and 1330). 

Border of pioneer zone

The border between the pioneer zone and bare soil is chosen at 5% coverage (10% in SH). This is based on practical reasons when mapping with aerial photos. 

Land use 

Land use can be subdivided into agricultural exploitation and nature conservation. The respective areas are not (yet) quantified. Within agricultural exploitation and nature conservation management practices such as grazing, cutting, abandoning are recognized and quantified. In general, the intensive agricultural exploitation of salt marshes observed has decreased during the past two decades. Today, large areas of the salt marsh are grazed moderately, often for nature conservation purposes, for example for geese management on the Halligen in Schleswig-Holstein. 

5. TMAP Monitoring Strategy

Monitoring of salt marshes is carried out in all countries on a regular basis. Different national vegetation keys are in use (e.g. the Dutch SALT97), which are translated into a common TMAP vegetation typology (Bakker et al., 2005). It allows a trilateral comparable assessment of salt marsh vegetation on the basis of the existing monitoring schemes. The vegetation reflects the important salt marsh zones (pioneer zone, low marsh, high marsh, green beaches, brackish marsh) and human interference including drainage, groynes and land use (Bakker et al., 2005). It can be applied 

· to assess long-term and short term changes in the vegetation also with respect to animal life especially with regard to birds;
· to assess the development of single vegetation types or typical species;
· to analyze the distribution pattern of the vegetation in relation to land use.

The TMAP vegetation key can also be used as a basis for an assessment within the WFD (Dijkema et al., 2005; Adolph et al., 2007) and the HD (Bakker et al., 2005).

Further parameters may be selected on national level depending on local pressures and risk assessment procedures under the Habitats and Water Framework Directive. 

Table 2: Salt Marsh Monitoring in the revised TMAP.
	Parameters 
	
	Location
	Frequency
	Method
	WFD
	BHD
	OSPAR
	Remark

	Area


	Size and location (ha)
	Entire area *** 
	6 years
	RS and ground truth
	X*
	X


	-
	

	Vegetation


	HD types (ha)
	Entire area ***
	6 years
	RS and ground truth
	X*
	X****
	-
	

	
	Vegetation types (ha)
	Entire area *** 
	6 years

(selected sites: annually)
	RS and ground truth
	X*
	X
	-
	TMAP key in NL + D

	Species
	Abundance and composition of typical species
	Selected areas 
	Annually


	
	X*
	X**
	-
	Not mandatory

	Land use
	Cutting, grazing (intensive, moderate, none)
	Entire area
	6 years
	RS and ground truth
	-
	X
	-
	

	Drainage measures
	3 types (none, within last 10 years, more than 10 y ago)
	Entire area
	6 years
	RS and ground truth
	X
	X
	-
	


* DK: Salt marshes not part of WFD monitoring. NL: Mainland salt marshes not part of WFD monitoring

** Under discussion in national HD and WFD monitoring

*** In Denmark only inside the Natura 2000 areas

**** 2004-09 only type 1330. In 2011-15, both 1310, 1320 and 1330
6. Methods

6.1 Remote sensing

The following remote sensing techniques can be applied for salt marsh monitoring:
· Aerial photographs (CIR) with a scale 1:5,000 - 1:10,000
· Digital aerial mapping (such as line scanner HRSC-AX) 

Table 3: xxx.
	
	
	
	Digital mapping
	Aerial photographs

	Mapping techniques
	Data acquisition
	source
	Line scanner HRSC-AX
	Digital aerial photography

	
	
	n bands
	9 bands
	4 bands

	
	
	ground resolution
	32 cm
	…..

	
	Image classification
	information
	Optical reflection values of 4 bands
	stereo information of overlapping photographs: colour, texture, structure

	
	
	
	no height information
	height information

	
	
	polygons
	raster and vector based filtering
	on screen digitizing by hand

	
	
	
	
	


Ground truth surveys are necessary for the interpretation of aerial photographs. The digitized photographs should be transferred to a Geographical Information System. Standard software should be used. 

Intercalibration exercises should be carried out to assess the comparability of different interpretation procedures.

6.2. Field surveys

Field surveys should be carried out 

· as ground truth in conjunction with remote sensing techniques;
· to get more detailed information (quantitative and qualitative) to be able to characterize the ecological status of salt marshes (species composition, abiotic characteristics).
Salt marsh field surveys should be carried out at several sites on annual basis (permanent plots) in combination with large scale monitoring by remote sensing. They are necessary to meet the objectives of the TMAP and the Targets, to support management decisions with regard to grazing or to assess the development of sedimentation rates in different types of salt marshes with regard to sea level rise. 

The existing field surveys are carried out using different monitoring strategies. They should be harmonized with the aim to make the results of the different surveys comparable for a trilateral assessment. 

7. Parameters

Area

Location and spatial extent (GIS polygon) of salt marshes (total area and vegetation types) should be calculated for sub-areas by GIS procedures. 

Vegetation 

Habitat Directive (HD) types: Location and spatial extent (GIS polygon) of HD types 1310, 1320 and 1330. In Denmark the location and spatial extent of HD-types is only mapped within Natura 2000 sites.

TMAP vegetation types: Location and spatial extent (GIS polygon) of TMAP vegetation types aggregated from the national salt marsh monitoring data (Note: Data on vegetation types for the entire area are available from The Netherlands and Germany. For Denmark, data are available from selected monitoring sites).

Species (not mandatory)

Abundance and composition of typical salt marsh species (for selected monitoring sites only). In Denmark all vascular plant species are recorded in plots.

Land use

The effects of the management or agricultural utilization of salt marshes by grazing are reflected in the vegetation structure. The terms ‘no grazing’, ‘moderate grazing’, ‘intensive grazing’ and ‘cutting’ are defined by the canopy of the vegetation and its heterogeneity, and thus describe the real grazing situation of a certain area irrespective of the stocking density. 

Three types can be distinguished concerning grazing intensity: 

 No grazing (areas without any management or utilization by grazing; year of grazing ceased).
 Extensive grazing (areas with grazing; diverse canopy heights, but not a uniform vegetation and short canopy as under c, but a mosaic of short and tall canopy).

 Intensive grazing (whole area with uniform vegetation and short canopy height).
Additional information like stocking rates and types of animals are also important to assess grazing intensity. 

Drainage measures

Three different types of drainage pattern of salt marshes should be distinguished:

 no artificial drainage in the past (number of years to be specified; sometimes only estimation possible);

 no artificial drainage on a regular basis (maintenance works only episodic);

 ongoing drainage measures on a regular basis (e.g. every 2-5 years).

It has to be tested if the information can be derived from the vegetation maps or if also information from other sources are necessary, which would require additional effort. 

Additional parameters (not mandatory)

In addition, further parameters are to be monitored on project basis, depending on scientific objectives and/or management goals for specific areas. These parameters should also be made available for a trilateral assessment:
 Hydrology: mean high tide, mean low tide, inundation time and frequency,

 Morphology: height, salt marsh edge, topography,

 Sediment characteristics,

 Coastal protection measurement,

 Biological parameters: vegetation (dominance/diversity, canopy height and pattern therein, biomass).

It is recommended to compile information about coastal protection measures with a direct impact on the salt marshes, e.g. construction or maintenance of brushwood groynes, sod removal and clay extraction. 

Breeding and migratory birds

Monitoring of breeding and migratory birds on salt marshes are carried out in the Joint Monitoring Programs of Breeding and Migratory Birds. 

8. Frequency and time 

Monitoring shall be carried out at least every 6 years during summer (June – August) for the following parameters: 

 area,
 vegetation (HD types and TMAP vegetation types),
 land use,
 drainage measures.
Yearly monitoring shall be carried out for selected sites (permanent plots) for the parameter “species” (during summer, June – August). 

9. Monitoring locations

The entire area of salt marshes in the Wadden Sea (including brackish marshes in the estuaries) shall be monitored for the parameters: 

 area,

 vegetation (HD types and TMAP vegetation types),

 land use,

 drainage measures.

Selected monitoring sites can be specified by the countries to monitor species composition or additional parameters relevant for specific national assessment. 

10. Assessment

The assessment is carried out in order to assess to which extent the trilateral salt marsh Targets have been reached.

Table 4: xxx.
	Topic
	Parameter
	Assessment / Objective

	Increased area of natural salt marshes
	Total area of salt marshes
Area of salt marsh HD types and TMAP vegetation types
	Stable or increasing

	
	Area of intensive land use
	Decreasing

	
	Area of artificial drainage
	Decreasing

	Increased natural morphology and drainage pattern of artificial salt marshes
	Total area of salt marshes
Area of salt marsh HD types
	Stable or increasing

	
	Area of intensive land use
	Decreasing

	
	Area of artificial drainage
	Decreasing

	Improved natural vegetation structure
	Area of vegetation types (TMAP typology) (ha) and % of total area for each island and mainland area
	Stable or increased

	
	Species composition

Abundance of typical species
	[to be specified]


Vegetation structure of artificial salt marshes

The trilateral Target aims at a more “natural vegetation structure” of artificial salt marshes. Because the vegetation structure in artificial salt marshes depends on the geomorphology of the given area, it is not be possible to define an end situation as a reference value. For example, artificial salt marshes without drainage and grazing may show uniform vegetation structure compared to a natural salt marsh because of the given geomorphological conditions. 

With regard to monitoring, the development of the vegetation has to be followed over several years and to be assessed if this process is governed mainly by the geomorphological conditions or other influences. 

The vegetation on salt marshes continuously changes as a result of natural succession, changes in drainage and sedimentation, and in land use and management such as abandoning, grazing, and cutting. The changes will occur at various time scales: 1) changes in geomorphology such as levees /depressions and meandering creeks will take at least decades to happen; 2) some changes in the vegetation can occur in a relatively short period of time, i.e. within a few years. Other changes take their time: once a threshold has surpassed after for instance 20 years, rapid changes have been recorded. The long-term changes will affect both the total area of the habitats and the area of the different zones. Short-term changes and year-to-year variation within the different vegetation types and abiotic conditions can only be monitored by annual recording of permanent plots. 

11. Reporting

All data obtained from remote sensing and field surveys should be transferred to a geographical information system (GIS) for the analysis and assessment of the data (spatial and temporal development) and in combination with other GIS based information. 

The data should be reported as they were measured: 

· area and location of main salt marsh types (km²)

· area salt marsh vegetation (HD types, vegetation types) according to the TMAP vegetation typology (km²)

· land use types (3 categories) (km²)

· drainage types (3 categories) (km²) 

A description of the applied methods should also be reported. If available the accuracy of the data should be included in reporting. 

[NOTE: To be included: a more detailed description of data which have to be delivered to the TMAP Data Units. See also: TMAP Data Handling Manual].

12. Quality assurance

A successful monitoring program is directly related to the collection and interpretation of relevant and reliable data. In addition to appropriate sampling and interpretation procedures, it is vital to establish a system of data quality assurance. This concerns accuracy and precision of sampling and analytical procedures, regular check of the applied methods and intercalibration exercises. 

Specific QA activities for salt marsh monitoring should be carried out for the following items: 

 intercalibration exercises concerning interpretation of aerial photographs,

 field surveys: comparability of different monitoring strategies, intercalibration exercises.

Appropriate monitoring protocols should be developed on national level. Intercalibration exercises should be carried out nationally and in the framework of the TMAP.

13. Monitoring authorities 

Denmark
· Danmarks Miljøundersøgelser (DMU, NERI)
· Miljøministeriet, Miljøcenter Ribe

Germany
· Landesbetrieb für Küstenschutz, Nationalpark und Meeresschutz (LKN)
· Landesamt für Natur und Umwelt (LANU)

· Nationalparkverwaltung Niedersächsisches Wattenmeer (NLPV)
· Niedersächsischer Landesbetrieb für Wasserwirtschaft, Küsten- und Naturschutz (NLWKN)

The Netherlands

· Rijkswaterstaat DID Delft
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Annex 1: TMAP Typology

	TMAP salt marsh typology (version 10 Oct 2007)
	

	TMAP-no.
	 
	TMAP code
	Name 
	HD Type

	 
	headzone
	Type
	 
	 

	0
	S
	0
	No information about zone and vegetation type
	none

	0.0
	S
	u*
	Salt / brackish landscape, unspecific 
	 

	0.1
	S
	W
	bare water
	 

	0.2
	S
	S
	bare soil, sand (beaches etc..)
	 

	0.3
	S
	M
	bare soil, mudflat
	 

	 
	
	
	
	 

	1
	S
	P
	Pioneer salt marsh 
	 

	1.0
	S
	P*
	Pionier salt marsh, unspecific 
	1310

	1.1
	S
	Ps
	Spartina anglica type
	1320

	1.2
	S
	Pq
	Salicornia spp. / Suaeda maritima type
	1310

	 
	
	
	
	 

	2
	S
	L
	Low Marsh 
	 

	2.0
	S
	L*
	Low Marsh, unspecific
	 

	2.1
	S
	Lp
	Puccinellia maritima type
	 

	2.2
	S
	Ll
	Limonium vulgare / Puccinellia maritima type
	 

	2.3
	S
	La
	Aster tripolium / Puccinellia maritima type
	 

	2.4
	S
	Lh
	Atriplex portulacoides / Puccinellia maritima type
	 

	 
	
	
	
	 

	3
	S
	H
	High marsh
	1330

	3.0
	S
	H*
	High Marsh, unspecific
	 

	3.1
	S
	Hl
	Limonium vulgare / Juncus gerardi type
	 

	3.2
	S
	Hj
	Juncus gerardi / Glaux maritima type
	 

	3.3
	S
	Hf
	Festuca rubra type
	 

	3.4
	S
	Hh
	Atriplex portulacoides / Artemisia maritima type
	 

	3.5
	S
	Hz
	Artemisia maritima / Festuca rubra type
	 

	3.6
	S
	Hm
	Juncus maritimus / Festuca rubra / Juncus gerardi type
	 

	3.7
	S
	Hy
	Elymus athericus type
	 

	3.8
	S
	He
	Carex extensa type
	 

	3.9
	S
	Hx
	Atriplex prostrata / Atriplex littoralis type
	 

	3.10
	S
	Hg
	Agrostis stolonifera / Trifolium fragiferum type
	 

	3.11
	S
	Hc
	Plantago coronopus / Centaurium littorale type
	 

	3.12
	S
	Ho
	Ononis spinosa / Carex distans type
	 

	3.13
	S
	Hr
	Elymus repens type
	 

	 
	
	
	
	 

	4
	S
	GB
	Green beach
	1330 (if SM types occur)

	 
	
	
	
	 

	5
	S
	B
	Brackish marsh
	1330

	5.0
	S
	B*
	Brackish marsh, unspecific
	 

	5.1
	S
	Bb
	Bolboschoenus + Schoenoplectus type
	 

	5.2
	S
	Bp
	Phragmites australis type
	 

	5.3
	S
	Bg
	Brackish flooded grassland type
	 

	5.4
	S
	Bm
	Juncus maritimus / Oenanthe lachenalii type
	 

	 
	
	
	
	 

	6
	S
	F
	Fresh (anthropogenic) grassland
	none

	6.0
	S
	F*
	Fresh (anthropogenic) vegetation, unspecific
	 

	6.1
	S
	Fl
	Lolium perenne, Cynosurus cristatus and other fresh species type
	 

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Salt/brackish water species (W)
	 
	

	Zostera marina, Zostera noltii, Ruppia maritima, Ruppia cirrhosa, Zanichellia palustris s.l., 
	

	Potamogeton pectinatus.
	 
	

	 
	
	
	 
	

	Pioneer species (P)
	 
	

	Spartina anglica & maritima, Salicornia europaea, S. procumbens & stricta, Suaeda maritima, Bassia hirsuta.
	

	 
	
	
	 
	

	Species of the low marsh (L)
	 
	

	Puccinellia maritima, Atriplex portulacoides, Cochlearia anglica, Aster tripolium, 
	

	Spergularia maritima & salina, Triglochin maritima, Limonium vulgare, Plantago maritima,
	

	Parapholis strigosa, Atriplex pedunculata.
	

	 
	
	
	 
	

	Species of the high marsh (H)
	 
	

	Artemisia maritima, Armeria maritima, Juncus gerardi, Glaux maritima, Agrostis stolonifera, Festuca rubra, Elymus athericus,
	

	Juncus maritimus, Potentilla anserina, Trifolium fragiferum, pratense & repens, Poa pratensis, Lolium perenne, 
	

	Plantago coronopus, Sagina maritima & nodosa, Carex extensa, Carex distans, Ononis spinosa, Hordeum secalinum
	

	Leontodon autumnalis & saxatilis, Lotus corniculatus & glaber, Centaurium pulchellum & littorale, Cochlearia danica,
	

	Odontites vernus ssp. serotinus, Cerastium fontanum ssp. Vulgare, Bupleurum tenuissimum, Hordeum marinum,
	

	 
	
	
	 
	

	Species of the brackish marsh (B)
	

	Phragmites australis, Bolboschoenus maritimus, Schoenoplectus tabernaemontani, Blysmus rufus, 
	

	Agrostis stolonifera, Eleocharis uniglumis, Triglochin palustris, Cotula coronopifolia, Potentilla anserina, 
	

	Juncus maritimus, Oenanthe lachenalii, Trifolium repens & fragiferum, Festuca arundinacea, Elymus repens, 
	

	Leontodon autumnalis, Alopecurus geniculatus, Ranunculus sceleratus, Centaurium pulchellum.
	

	Juncus ambiguus, articulatus & bufonius, Chenopodium rubrum & glaucum.
	

	 
	
	
	 
	

	Species of sandy green beaches (G)
	

	Elymus farctus, Honckenya peploides, Salsola kali ssp. kali, Cakile maritima. 
	

	 
	
	
	 
	

	Species of fresh anthropogenic grasslands (F)
	

	Lolium perenne, Poa annua, Cynosurus cristatus, Bellis perennis, Taraxacum sect. Vulgaria, Plantago major, 
	

	Poa trivialis, Elymus repens, Capsella bursa-pastoris, Polygonum aviculare, Cirsium arvense, Rumex obtusifolius.
	

	 
	 
	 
	 
	

	
	
	
	
	


Annex 2: TMAP Salt Marsh typology key (version 1.0, 24.10.2003)

	TMAP Salt Marsh - typology key                             (version 1.0, 24 October 2003)
	

	
	
	
	

	How to use the key: start above with the first row of the key description. If the description doesn't fit , then go to the next description below, etc..
	 
	 
	

	
	
	
	

	
	
	
	

	nr
	Code
	key
	

	 
	W
	abundance < 5% = bare water
	

	 
	S
	abundance < 5% = bare soil, sand (beaches etc..)
	

	 
	M
	abundance < 5% = bare soil, mudflat
	

	
	
	
	

	 
	 
	Rest zone types:
	

	5.2
	Bp
	Phrag aus > 50%
	

	2.4
	Lh
	Atrip por > 50%
	

	2.3
	La
	Aster tri > 50%
	

	3.7
	Hy
	Elymu ath > 50%
	

	3.9
	Hx
	Atrip pro + Atrip lit > 50%
	

	1.1
	Ks
	Spart ang > 50%
	

	5.1
	Bb
	Bolbo mar + Schoe tab > 50%
	

	2.2
	Ll
	Limon vul > 25% and grasses1) < 25%
	

	1.2
	Pq
	Suaed mar > 25%, and Suaed mar highest abundance of group 1
	

	3.7
	Hy
	Elymu ath + Atrip pro > 25% e), and Elytri ath highest abundance of group 1
	

	3.9
	Hx
	Atrip lit > 25%, and Atrip lit highest abundance of group 1
	

	2.1
	Lp
	Pucci dis + Sperg sal >= 10%, and both species are present
	

	3.8
	He
	Carex ext > 5% 
	

	5.3
	Bg
	Blysm ruf >= 10% or Blysm ruf > 5% and Carex ext > 1% & Centm pul + Odont ver are both present
	

	3.11
	Hc
	Sagin mar + Cochl dan + Buple ten + Plant cor > 5% and >2 species 
	

	 
	 
	or Centm lit + Sagin nod + Leont sax >2 species present
	

	4.1
	Gf
	Glaux mar + Agrossto > 5 % and the only species (on sandy places)
	

	3.12
	Ho
	Ononispi + Carex dis >= 5% and Ononi spi is present
	

	5.4
	Bg
	Agros sto >= 5% and group 22) >= 4 species
	

	2.3
	La
	Aster tri > 25% and grasses < 15% and Aster tri highest abundance of group 34)
	

	5.3
	Bg
	Trigl mar > 25% and grasses < 15% and Trigl mar highest abundance of group 34)
	

	5.1
	Bb
	Bolbo mar + Schoe tab > 25% and Bolbo mar + Schoe tab highest abundance of group 34)
	

	5.2
	Bp
	Phrag aus > 25% and Phrag aus highest abundance of group 34)
	

	5.3
	Bg
	Agros sto > 25% and Juncu ger < 5% and Festu rub <= 15% and Pucci mar < 25% and 
	

	 
	 
	group high salt marsh (H) + Ranun sce + Alope gen + Cotul cor >= 1 present and group H < 50%. 
	

	
	
	
	

	 
	
	Zonation types (0-6):
	

	1
	P
	Pioneer salt marsh (cover > 5% a) ; P species > W + L + higher species 
	

	1.1
	Ps
	Spart ang + Spart mar > Salicornia spp. + Suaed mar + Bassi hir
	

	1.2
	Pq
	Salicornia spp. + Suaed mar + Bassi hir > Spart ang + Spart mar b)
	

	1.0
	P*
	rest
	

	
	
	
	

	2
	L
	Low marsh (W + P species < L1 species > M + higher species)
	

	2.2
	Ll
	Limon vul > 15% and highest abundance of group 45)
	

	2.4
	Lh
	Atrip por > 20% c) and highest abundance of group 45)
	

	2.3
	La
	Aster tri > 15% and highest abundance of group 45)
	

	2.1
	Lp
	Puccimar > 5%
	

	2.0
	L*
	rest = low marsh, unspecific
	

	
	
	
	

	3
	H
	High marsh (W + P + L1 + L2 + B species < M (- Agros sto & Festu rub) + H species)
	

	3.5
	Hz
	Artem mar > 15% and Artem mar > Festurub
	

	3.4
	Hh
	Atrip por > 15% and highest abundance of group 45)
	

	3.6
	Hm
	Juncu mar > 15% 
	

	3.1
	Hl
	Limon vul > 10% and Limon vul > Armer mar
	

	3.2
	Hj
	Juncu ger > 35% d) and Juncu ger > Festu rub
	

	3.3
	Hf
	Festu rub > 35% and Festu rub > Juncu ger
	

	3.2
	Hj
	Glaux mar > 25% and grasses < 15%
	

	3.13
	Hr
	Elymu rep > 25% and H species > 0 and H species >= L2 + M species
	

	3.10
	Hg
	Festu rub > 15% and Agros sto + Poten ans present and H species > 0 and H species >= L2 + M species
	

	3.0
	H*
	rest = high Marsh, unspecific
	

	
	
	
	

	4
	GB
	Green beach
	

	 
	 
	Mosaic of TMAP types of dune slacks (H), dunes (X) and salt marsh (S) vegetation
	

	 
	 
	Typically TMAP types area: X 2.1 , X 3.1, X 4.1, X 11, H 1.1, H 2.2, S1.2, S2.1, sometimes S3 types
	

	 
	 
	 
	

	
	
	
	

	5
	B
	Brackish marsh (B species > W + P + L + M + H species)
	

	5.4
	Bm
	Juncu mar + Oenan lac >= 10% and Juncu mar present
	

	5.3
	Bg
	Festu aru > 10%
	

	 
	 
	...or Poten ans > 25%
	

	 
	 
	...or Elymu rep > 25% and groep 3 present
	

	5.0
	B*
	rest = brackish marsh, unspecific
	

	
	
	
	

	6
	F
	Fresh (anthropogenic) grassland
	

	6.1
	Fl
	Loliu per + Cynos cri + Belli per + Poa annua + Poa triv + Plant maj + Polyg avi > 25% 
	

	6.0
	F*
	rest = fresh (anthropogenic) vegetation, unspecific
	

	
	
	
	

	0
	0
	No information about zone and vegetation typ
	

	0
	0
	Salt marsh / green beach, unspecific 
	

	
	
	
	

	
	
	
	

	
	
	
	

	Remarks
	 
	 
	

	 
	1) grasses: 
	Puccimar, Festurub, Agrossto, Elymu ath, Juncuger.
	

	 
	2) group 1: 
	Elymu ath, Suaed mar, Atrip lit, Atrip pro, high salt marsh / fresh species
	

	 
	3) group 2: 
	Eleoc uni, Trifo fra, Juncu ger, Carex dis, Centm pul, Odont v-s, Potenans.
	

	 
	4) group 3: 
	Aster tri, Trigl mar, Bolbo mar, Schoe tab, Phrag aus
	

	 
	5) group 4: 
	Limon vul, Aster tri, Attrip por
	

	 
	
	 
	

	 
	W species:
	Zoste mar, Zoste nol, Ruppi mar, Ruppi cir, Zanic pal s.l., Potam pec.
	

	 
	P species: 
	Spart ang, Spart mar, Salicornia spp., Suaed mar, Bassi hir.
	

	 
	L1 species:
	Pucci mar, Atrip por, Cochl ang, Atrip ped
	

	 
	L2 species:
	Aster tri, Spergl mar, Trigl mar, Limon vul, Plant mar, Parap str.
	

	 
	M species:
	Artem mar, Armer mar, Juncu ger, Glaux mar, Carex dis, Festu rub, Agros sto.
	

	 
	H species:
	Carex ext, Ononi spi, Centm lit, Elymu rep, Leont aut, Trifo fra, Trifo rep, Rumex cri, Lotus ten, Loliu per, 
	

	 
	
	Tarax off, Poa pra, Poa tri, Ranun rep, Horde sec.
	

	 
	G species:
	Elymu far, Glaux mar, Agros sto, Honck pep, Salso k-k, Cakil mar. 
	

	 
	B species:
	Phrag aus, Bolbo mar, Schoe tab, Eleoc uni, Trigl pal, Blysm ruf, Centm pul, Potenans, Cotul cor, 
	

	 
	
	Ranun sce, Oenan lac, Festu aru, Juncu art, Juncu buf, Juncu amb, Cheno rub, Cheno gla.
	

	 
	
	 
	

	a) in SH > 10 % cover
	 
	

	b) in SH Salicornia ramosissimae = low marsh
	

	c) in SH > 35 % cover
	 
	

	d) in SH > 5 % cover
	 
	

	e) in SH > 30 % cover
	 
	

	
	
	
	


